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"Hg2F2. As illustrated" 
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In the Specification 

Please replace the title ("Oxidative Fluorination of Aromatic Derivatives by Copper (II) 
Fluoride and Silver (I) Fluoride") of the application on page 1 , line 3 , with the new title as presented 
herein below: 

Oxidative Fluorination of Aromatic and Chloroaromatic Derivatives 
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In the Claims 

Claim 1 (Currently Amended): A method of fluorinating an aromatic compound or 
chloroaromatic compound comprismg the steps of: 

a) mixing at least one active fluorinating agent selected from the group consisting of 
CuFi, AgF, HgF2, TeF4, MnF4, FeFs, and C0F24 with at least one support selected 
from the group consisting of activated carbon, ZnF2, CaFi, MgFi, AIF3, and 
combinations of activated carbon, ZnF2, CaF2, MgFa, or AIF3; 

b) heating said mixture [[te at]] a temperature of at least 300°C or 350°C; and 

c) contacting said mixture with an aromatic compound, a chloroaromatic compound, a 
mixture of aromatic compounds, a mixture of chloroaromatic compoimds, or a mixture of 
chloroaromatic and aromatic compounds. 

Claim 2 (Original): The method according to claim 1 , wherein said method fiirther comprises 
recovering fluorinated aromatic or chloroaromatic compounds. 

Claim 3 (Original): The method according to claim 1, wherein said temperature is at least 

400°C. 

Claim 4 (Original): The method according to claim 1, wherein said temperature is at least 

425°C. 

Claim 5 (Original): The method according to claim 1, wherein said temperature is at least 

450X. 

Claim 6 (Original): The method according to claim 1, wherein said temperature is at least 

500°C. 



J:\UF\380\PTO\response.dodDNB\\ssa 



4 



Docket No:UF-380 
Serial No: 10/698,110 



Claim 7 (Original): The method according to claim 1, wherein said aromatic or 
chloroaromatic compound is selected from the group consisting of benzene, chlorobenzene, 
substituted benzene, substituted chlorobenzene, pyridines, chloropyridines, substituted pyridines, 
substituted chloropyridines, naphthalene, substituted naphthalenes, chloronaphthalene, substituted 
chloronaphthalenes, toluene, chlorotoluene, substituted toluene, and substituted chlorotoluene. 

Claim 8 (Original): The method according to claim 1, wherein aromatic compounds are 
contacted with said mixture. 

Claim 9 (Original): The method according to claim 1, wherein chloroaromatic compounds 
are contacted with said mixture. 

Claim 1 0 (Original): The method according to claim 1 , wherein a mixture of chloroaromatic 
and aromatic compounds are contacted with said mixture. 

Claim 1 1 (Original): The method according to claim 9, wherein said mixture comprises AgF 
and at least one support. 

Claim 12 (Original): The method according to claim 8, wherein said aromatic compounds 
are aromatic hydrocarbons. 

Claim 1 3 (Original): The method accordmg to claim 12, wherein said aromatic compounds 
are contacted with a mixture comprising CuF2 and at least one support. 

Claim 14 (Original): The method accordmg to claim 9, wherein said choloroaromatic 
compound is ortho-dichlorobenzene, para-dichlorobenzene, meta-dichlorobenzene, a chloropyridine, 
chloronapthalene, a chlorpyridine, chlorotoluene, substituted ortho-dichlorobenzene, substituted 
para-dichlorobenzene, substituted meta-dichlorobenzene, a substituted chloropyridine, substituted 
chloronapthalene, a substituted chlorpyridine, substituted chlorotoluene, or mixtures thereof 
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Claim 15 (Currently Amended): The method according to claim 14, wherein said mixture 
chloroaromatic compound is contacted by a mixture comprising AgF and at least one support. 

Claim 16 (Canceled). 

Claim 1 7 (Original): The method according to claim 12, wherein said aromatic compounds 
are contacted with a mixture consisting of CuF2 and at least one support. 

Claim 18 (Original): The method according to claim 11, wherein said mixture further 
comprises CuFi. 

Claim 19 (Original): The method according to claim 13, wherein said mixture further 
comprises AgF. 

Claim 20 (Currently Amended): A method of fluorinating an aromatic compound comprising 
combining an aromatic compound, a chloroaromatic compound, a mixture of aromatic compounds, a 
mixture of chloroaromatic compounds, or a mixture of chloroaromatic and aromatic compounds and 
a fluorinating composition comprising at least one active fluorinating agent selected from the group 
consisting of CUF25 AgF, HgFi, TeF4, MnF4, FeFs, and C0F2-4 and at least one support selected from 
the group consisting of activated carbon, ZnFa, CaF2, MgF2, AIF3, and combinations of activated 
carbon, ZriFi, CaFa, MgF2, or AIF3 and heating the combined components [[te at]] a temperature of 
at least 350X. 

Claim 2 1 (New): The method according to claim 5, wherein said mixture comprises one part 
active fluorinating agent and one part to three parts of the at least one support. 

Claim 22 (New): The method according to claim 2 1 , wherein the active fluorinating agent is 
CuF2 and at least one support is AIF3. 
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Claim 23 (New): The method according to claim 5, wherein said mixture comprises one part 
active fluorinating agent and two parts of the at least one support. 

Claim 24 (New): The method according to claim 23, wherein the active fluorinating agent is 
CuF2 and at least one support is AIF3. 

Claim 25 (New): The method according to claim 6, wherein said mixture comprises one part 
active fluorinating agent and one part to three parts of the at least one support. 

Claim 26 (New): The method according to claim 6, wherein said mixture comprises one part 
active fluorinating agent and two parts of the at least one support. 

Claim 27 (New) : The method according to claim 25 , wherein the active fluorinating agent is 
CuF2 and at least one support is AIF3. 

Claim 28 (New): The method according to claim 26, wherein the active fluorinating agent is 
CuF2 and at least one support is AIF3. 

Claim 29 (New): A method for producing fluorobenzene comprising: 

a) mixing at least one active fluorinating agent selected from the group consisting of CuF2, 
AgF, HgF2, TeF4, MnF4, FeFs, and C0F2-4 with at least one support selected from the group 
consisting of activated carbon, ZnF2, CaF2, MgF2, AIF3, and combinations of activated carbon, ZnF2, 
CaF25 MgF2, or AIF3; 

b) heating said mixture at a temperature of at least 450 °C; and 

c) contacting said mixture with an aromatic compound, a chloroaromatic compound, a 
mixture of aromatic compounds, a mixture of chloroaromatic compounds, or a mixture of 
chloroaromatic and aromatic compounds. 

Claim 30 (New): The method according to claim 29, wherein the temperature is at least 

500^C. 
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Claim 31 (New): The method according to claim 29, wherein said aromatic or 
chloroaromatic compound is selected from the group consisting of benzene, chlorobenzene, 
substituted benzene, substituted chlorobenzene, pyridines, chloropyridines, substituted pyridines, 
substituted chloropyridines, naphthalene, substituted naphthalenes, chloronaphthalene, substituted 
chloronaphthalenes, toluene, chlorotoluene, substituted toluene, and substituted chlorotoluene. 

Claim 32 (New): The method according to claim 29, wherein said mixture comprises one 
part active fluorinating agent and one part to three parts of the at least one support. 

Claim 33 (New): The method according to claim 32, wherein the active fluorinating agent is 
CuF2 and at least one support is AIF3. 

Claim 34 (New): The method according to claim 29, wherein said mixture comprises one 
part active fluorinating agent and two parts of the at least one support. 

Claim 35 (New): The method according to claim 34, wherein the active fluorinating agent is 
CuF2 and at least one support is AIF3, 

Claim 36 (New): The method according to claim 33, wherein the support is AIF3. 

Claim 37 (New): The method according to claim 35,wherein the support is AIF3. 

Claim 38 (New): The method according to claim 29, wherein said method further comprises 
recovering fluorinated aromatic or chloroaromatic compounds. 
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Remarks 

Claims 1 -20 were pending in the subject application. By this Amendment, Applicants have 
amended the title of the application such that it is more clearly indicative of the invention to which 
the claims are directed. Claims 1 , 15, and 20 have been amended, support for which can be found 
throughout the specification including page 2, lines 13-31; page 5, lines 1-9; and Example 5, and 
claim 16 has been canceled. New claims 21-38 have been added, support for which can be found 
on, for example, page 2, lines 5-31; page 5, lines 16-17; page 6, Tables 1-2, page 7, Table 3; and 
page 8, lines 5-17. Thus, claims 1-15 and 17-38 are presently before the examiner. 

Claims 1-20 are rejected under 35 U.S.C. § 103(a) as being unpatentable over the 
combination of U.S. Patent No. 6,087,543 (hereinafter the '543 patent) and U.S. Patent No, 
6,166,273 (hereinafter the '273 patent). Applicants respectfiiUy traverse this ground of rejection. 
The '543 patent is directed to a method of synthesizing fluorinated benzene from chlorobenzene and 
a metal fluoride composition at process temperatures from 175 °C to 450 °C. The '273 patent is 
directed to a method of synthesizing fluorinated benzenes and pyridines from benzenes and pyridines 
and a metal fluoride composition at process temperature between 250 °C and 550 °C. 

As an initial matter. Applicants submit that the cited combination of references fails to raise a 
prima facie case of obviousness because there is no motivation to combine the cited references nor is 
there a reasonable expectation of success in arriving at the presently claimed invention in view of the 
teachings of the references. The basis for combinability as articulated by the Federal Circuit includes 
"some reason, suggestion, or motivation foxmd in the prior art whereby a person of ordinary skill in 
the field of the invention would make the combination" {In re Octiker, 977 F.2d 1443, 1447 (Fed. 
Cir. 1 992)). The Office Action indicates that motivation to combine the two references lies in higher 
temperature processes taught m the '273 patent. However, the high temperature processes of the 
'273 patent fail to realize a high yield. In fact, the high temperature processes of the '273 patent 
result in yields lower than those in the '543 patent. Thus, a skilled artisan would lack motivation to 
combine the references because modifying the processes of the '543 patent with the teachings of the 
'273 patent would not result in improved yields of monofluorobenzene. 
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Therefore, a skilled artisan reading the ' 543 patent in view of the ' 273 patent would not have 
had a reasonable expectation of successfully producing monofluorobenzene at temperatures such as 
those recited within the claims. Applicants also respectfully submit that one skilled in the art would 
not have had a reasonable expectation of synthesizing monofluorobenzene in view of the teachings 
of the cited references. As noted above, the high temperature processes of the '273 patent fail to 
realize a high yield. In fact, the high temperature processes of the '273 patent result in yields lower 
than those in the '543 patent. 

The Office Action also indicates that motivation lies in applying the processes of the '543 
patent to a broader class of starting materials. Applicants respectfully disagree with the asserted 
motivation. As noted above, the methods of the '273 patent result in low yields of fluorobenzene, 
even at high process temperatures. These low yields do not suggest that utilizing benzenes and 
pyridines in addition to chlorobenzenes would result in an improved synthesis. In contrast, the 
skilled artisan would likely conclude that broadening the aromatic reactants of the '543 patent to 
include non-chlorinated aromatics would yield a significant loss of product. 

Moreover, even if the cited references are properly combinable, the claimed methods 

demonstrate unexpected results and superior yields over the processes of the cited references. The 

Federal Circuit has expressed the importance of secondary evidence, including unexpected results, in 

refiiting obvious rejections. 

[E]vidence of secondary considerations may often be the most probative and cogent 
evidence in the record. It may often establish that an invention appearing to have 
been obvious in light of prior art was not. It is to be considered as part of all the 
evidence, not just when the decisionmaker remains in doubt after reviewing the art. 

Stratoflex, Inc. v. Aeroquip Corp,, 713 F.2d 1530, 1538-39 (Fed. Cir. 1983). 

The methods of the claimed invention show a superior yield of monofluoroaromatics over the 
methods of the cited references. Evidence of surprisingly superior yields produced from aromatics is 
provided in Tables 1 and 2 on page 6 of the specification. The claimed methods produce yields of 
monofluorinated compounds higher than the conversions of the '273 patent regardless of the 
temperature or the ratio of the fluorinating agents and supports. The applicants submit that the '273 
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patent provides a method that barely converts benzene to fluorobenzene, as shown in its Table 1 
(column 3), at temperatures even higher than that of the claimed methods. The '273 's highest yield 
is merely 15% at a temperature of 550°C (see Table 2). In contrast, Table 2 in the subject 
application illustrates that the claimed methods produced higher yields (23.8% to 63.1%) at 
temperatures far less than 550°C. 

Furthermore, as illustrated in Table 3 (page 7), the claimed methods also efficiently produce 
superior conversion percentages even over time. The smallest conversion to fluorobenzene in a 
spent bed is still more than double the highest conversion shown in the *273 patent (1 5%) (see Table 

1). 

Similarly, when the starting reagent is a choloraromatic, the claimed methods still show 
superior conversion rates as compared to the conversion rates of the '543 patent. Example 3 (at 
pages 8-9) illustrates that the conversion rates are far superior to those in the cited references. For 
example, Table 6 shows that at 450°C, the fluorobenzene conversion rate of the claimed methods is 
over 10% higher than the methods of the *543 patent. 

Applicants further note the yield of monofluorinated benzene decreases as the temperature is 
increased above 400°C in the '543 patent. As illustrated in Table 2, the yield of monofluorinated 
benzene peaks at a temperature of 400°C and decreases from 39% to 29% at a temperature of 450°C. 
Thus, the subject invention produces unexpectedly superior yields of monofluorobenzene as 
compared to the '543 patent. 

Thus, Applicants submit that these unexpectedly superior results render the claimed 
invention unobvious over the cited references; accordingly. Applicants request reconsideration and 
withdrawal of the 35 U.S.C. § 103(a) rejection. 

In view of the foregoing remarks and amendments to the claims, Applicants believe that the 
currently pending claims are in condition for allowance, and such action is respectfully requested. 
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The Commissioner is hereby authorized to charge any fees under 37 CFR §§L16orL17as 
required by this paper to Deposit Account No. 19-0065. 

Applicants invite the Examiner to call the undersigned if clarification is needed on any of this 
response, or if the Examiner believes a telephonic interview would expedite the prosecution of the 
subject application to completion. 



Respectfully submitted, 



Jfemna M. Morrison 
Patent Attorney 
Registration No. 55,468 
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Fax No.: 352-372-5800 
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A Professional Association 
P.O. Box 142950 
Gainesville, PL 32614-2950 

JMM/ssa 



J:\UF\38()\PTO\response.dodDNB\\ssa ^ 



4 



UF-380 



(a) in the presence of HF to regenerate a metal fluoride composition comprising CuF2 
and/or AgF; and (c) employing regenerated metal fluoride composition of (b) in (a). 

Oxidative fluorination of aromatic compounds using transition metal fluorides is 
schematically represented below. 



2M.F + C-H ► C-F + 2M^ + HF 



+1/20:^ I 

-H2O 

With the simple metal fluorides, the fluorinating power depends on the redox potentials 
of the metal ions involved. Fluorides of the metal ions with E^> 1 are very strong 
fluorinating agents giving rise to saturated products. Fluorides of the metal ions with E°< 
0 are inert towards aromatics. On the other hand, fluorides of the metal ions with 1 > E° 
> 0 are mild fluorinating agents. Metal fluorides useful as mild fluorinating agents in the 
present invention include but are not limited to CuFi, AgF, HgFi, and Hg2F2. 



As illustrated in the examples attached hereto, a 73% conversion of benzene to 
fluorobenzene and difluorobenzene (ratio of fluorobenzene to difluorobenzene = 88:12) 
was obtained when benzene was contacted with a mixture of CuF2 and AIF3 (CuF2:AlF3 
ratio = 1:2) at a temperature of 500°C. At temperatures of 450*^0, 44.3% conversion of 
benzene to fluorobenzene and difluorobenzene was observed (with a 
fluorbenzene:diflorobenzene ratio of 91:9). At 400°C, fluorobenzene was formed 
selectively with a yield of 24%. The use of CaF2 or MgF2 provided similar results to the 
use of AIF3. 



As is also illustrated in the examples, chlorobenzene can be converted to a 
mixture of fluorobenzene, difluorobenzene, and chlorofluorobenzene when reacted with 
mixtures of CuF2 and AIF3 (ratio of 1:2). At temperatures of 500^C, chlorobenzene is 
converted to fluorobenzene, difluorobenzene, and chlorofluorobenzene at a ratio of 
85:7:9 (with a yield of 65%). 
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Additionally, we have found that ortho-, meta-, and para-chlorotoluenes can be 
converted to mixtures of fluorotoluenes when reacted with AgF at temperatures of at least 
about 350°C with conversion yields of 29%, 47%, and 57% respectively. Ortho- and 
5 meta-dichlorobenzenes are converted to meta-difluorobenzene (12% and 20% conversion 
respectively) plus chlorofluorobenzene (6.7% and 14.5% respectively). All 
chlorofluorobenzenes exhibited conversion to one product (meta-fluorobenzene) under 
the reaction conditions. 

10 Following are examples that illustrate procedures for practicing the invention. 

These examples should not be construed as limiting. All percentages are by weight and 
all solvent mixture proportions are by volume unless otherwise noted. 

Example 1 : Fluorination of Benzene Utilizing AlFi and CuF? as the Fluorinating Agent 

15 

Anhydrous AIF3 (ALFAAESAR, 99.5%) and anhydrous CuF2 (ALFAAESAR, 
99.5%) were used. To a weighed amount of CuF2, AIF3 (--35 mesh size) was mixed in 
different ratios (1:1, 1:1.5, 1:2, 1:2.5, 1:3). In a typical fluorination experiment, the metal 
fluoride mixture was loaded into a hastelloy reactor tube in a dry box. The reactor tube 

20 was heated to 500*" C under a flow of Ar gas. The flow rate of the carrier gas was 
adjusted to 25 mL/min. Vaporized benzene was passed over the heated fluoride mixture. 
The duration of the reaction was about 1 Vi to 2/2 hrs. At the end of the reaction, the 
reactor tube was swept out with the carrier gas. The organic product was analyzed using 
HP 6890 GC/ 5973 Mass Spectrometer. The inorganic residue was analyzed by powder 

25 X- ray diffractometer (XRD PHILIPS APD 3720). 

Percentage conversions of benzene to the fluorinated products, /w-fluorobenzene, 
flurobenzene, and o-fluorobenzene, where the amount of AIF3 increases and CuF2 
remains constant are given in Table 1 . 
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Table 8 



Reactants 


Temp. "C 


Product Yields % 






CH3 


CH3 


CH3 

rS 

y 

F 


CH3 




CH, 

AgF (3.5 g) 


350 


13.9 


14.4 


0.5 


3.3 


CH3 
+ AgF(3.5g) 


350 


6.7 


25.7 


15 


7.7 




V 

CI 

AgF (3.5 g) 


350 


0.6 


35.8 


20.8 


3.9 



Attempts to fluorinate the resulting fluoroaromatic products listed in Table 1 
yielded only a small increase in total fluoronation. The increased fluorination is shown in 
Table 9 for fluorobenzene and flurotoluene. 
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Table 9 



Reactants 


Temperature °C 


Product Yields 




F 

A 




350 












Only 2-4% 
fluorination 




F 

X 


CH3 


350 



Fluorination of dichlorobenzenes 

All three dichlorobenzenes were fluorinated using the methods disclosed in 
Example 1 . The fluorinating agent utilized was AgF and the four resulting product yields 
are shown in Table 1 0. 



j:\UF\380\380 appltcation.doc/DNB/ssa 



UNITED STATES PATENT AND TRADEMARK OFFICE 



PATENT NO. 
APPLICATION NO 
DATED 
INVENTOR 



CERTIFICATE OF CORRECTION 

7,012,165 
10/698,110 
March 14, 2006 

William R. Dolbier, Jr., Buvaneswari Gopal 



Page 1 of 2 



It is certified that errors appear in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Title page. 

Item (74), "& Salinwanchik" should read Saliwanchik-. 
Column 3, 

Line 20, "Hg2F2. As illustrated" should read 

-Hg2F2. 

As illustrated-. 

Colurrm 3. 

Line 29, "fluorbenzene: diflorobenzene" should read -fluorobenzene: diflorobenzene--. 
Colunm 4, 

Line 41, "flurobenzene" should read -fluorobenzene-. 
Column 11, 

Line 1, "flourinate" should read -fluorinate-. 
Line 3, "fluoronation" should read -fluorination-. 
Line 4, "flourobenzene" should read -fluorobenzene-. 
Line 4, "flurotoluene" should read -fluorotoluene-. 



MAILING ADDRESS OF SENDER: 

Saliwanchik, Lloyd & Saliwanchik 
P.O. Box 142950 
Gamesville, FL 32614-2950 



,11 



4 



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. 7,012,165 Page 2 of 2 

APPLICATION NO.: 10/698,110 

DATED March 14, 2006 

INVENTOR William R. Dolbier, Jr., Buvaneswari Gopal 

It is certified that errors appear in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Column 12, 

Lines 5-10, Table 9, 



Reactants 


Temperature °C 


Product Yields 




L 

CH3 


350 





should read 



Reactants 


Temperature 


Product Yields 


i 




350 


Only 2-4% 
fluorination 



Column 15, 

Line 3, "components a temperature" should read —components at a temperature--. 



MAILING ADDRESS OF SENDER: 

Saliwanchik, Lloyd & Saliwanchik 
P.O. Box 142950 
Gainesville, FL 32614-2950 



UNITED STATES PATENT AND TRADEMARK OFFICE 



CERTIFICATE OF CORRECTION 



PATENT NO. 



7,012.165 



Page 1 of 2 



APPLICATION NO.: 



10/698,110 



DATED 



March 14, 2006 



INVENTOR 



William R. Dolbier, Jr., Buvaneswari Gopal 



It is certified that errors appear in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 



Title page. 

Item (74), "& Salinwanchik" should read -& Saliwanchik— . 



Column 3. 

Line 20, "Hg2F2. As illustrated" should read 

-Hg2F2. 



As illustrated—. 



Column 3. 

Line 29, "fluorbenzene: diflorobenzene" should read — fluorobenzene: diflorobenzene—. 
Colunm 4. 

Line 41, "flurobenzene" should read —fluorobenzene--. 
Column 1 1, 

Line 1, "flourinate" should read -fluorinate--. 
Line 3, "fluoronation" should read -fluorination— . 
Line 4, "flourobenzene" should read -fluorobenzene-. 
Line 4, "flurotoluene" should read -fluorotoluene-. 



MAILING ADDRESS OF SENDER: 

Saliwanchik, Lloyd & Saliwanchik 
P.O. Box 142950 
Gainesville, FL 32614-2950 




UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF COPIRECTION 

PATENT NO. 7,012,165 Page2of2 

APPLICATION NO.: 10/698.110 

DATED March 14, 2006 

INVENTOR William R. Dolbier, Jr., Buvaneswari Gopal 

It is certified that errors appear in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Column 12, 

Lines 5-10, Table 9, 



Reactants 


Temperature °C 


Product Yields 






350 





should read 



Reactants 


Temperature °C 


Product Yields 


F 


350 


Only 2-4% 
fluorination 



Column 15, 

Line 3, "components a temperature" should read -components at a temperature-. 



MAILING ADDRESS OF SENDER: 

Saliwanchik, Lloyd & Saliwanchik 
P.O. Box 142950 
Gainesville, FL 32614-2950 



